: Pulse-width modulation (PWM) showing relationship between the control voltage and the PWM output output is "high" when the control voltage is greater than vramp, and is "low" otherwise.
The contxol voltages of Converters 1 and 2 are givcn by the following equations:
where VDnset is a dc offset voltage that gives the steadystate duty cycle, Vref is the reference voltage, Kul and Ku2 are the voltage feedback gains, Kil and Ki2 are the current feedback gains, and iave is an average current defined by iaw = ~l i l + ~2 6 2 , (4) wherc and p2 are constants equal to ( n = number of converters). Under this scheme, the output current of both Converter 1 and Converter 2 will follow the average current. As a result, we expect equal current sharing. Figure 3 shows two buck converters connected in paral- 
STATE EQUATIONS FOR T W O PARALLEL BUCK CONVERTERS

COMPUTER SIMULATIONS
We now begin our investigation with computer simula- A large number of trajectories and bifurcation diagrams have been obtained. In the following, only representative trajectories and bifurcation diagrams are shown, which serve to exemplify the main findings concerning the bifurcation behaviour of a system of parallel buck converters under a democratic sharing scheme.
We first keep K,z constant and vary KV1. The bifurcation diagram, as shown in Fig. 4 vary KV2. The bifurcation diagram, as shown in Fig. 4 (b), again manifests a period-doubling bifurcation. Finally, we vary Kvl and Kv2 simultaneously, and the corresponding bifurcation diagram is shown in Fig. 4 (c).
Period-doubling bifurcations and chaos is observed.
We also capture the trajectories for some periodic and chaotic orbits when we vary K,,1 and Kvz simultaneously. In studying the bifurcation behaviour in respect of current gain variation, we keep K v l , Kv2 and K22 constant, and vary K,1. It is found that the system remains in stable period-1 operation irrespective of the choice of K i l . Same observation is obtained when we vary K,2 and keep other parameters constant. Basically Kil and K,2 only determine how close each converter current follows the average current.
V ANALYSIS OF PERIOD-DOUBLING BIFURCATION
From the foregoing simulation study, we have seen some bifurcation phenomena in a system of parallel buck converters when the voltage feedback gains are varied. In this section we analyze these bifurcations in terms of a suitable discrete-time model 181- [9] .
A
We let x be the state variables as defined previously, and further let dl and d2 be the duty cycle of Converter 1 and Converter 2 respectively. The discrete-time map in the neighbourhood of the T-periodic state that we aim to find takes the following form:
where subscript n denotes the value at the beginning of the nth cycle, i.e., x, = x(nT). For the closed-loop system, we need also to find the feedback equations that relate &,, and d2,n to 2,. 
Solving (lo) , dl,n and d2,, can be obtained. Combining
with (9), we have the discrete-time iterative map for the closed-loop system.
B Derzuatzon of the Jacobzan
The Jacobian plays an important role in the study of dynamical systems [lo] . The essence of using a Jacobian in the analysis of dynamical systems lies in the capture of the dynamics in the small neighbourhood of an equilibrium point or orbit (stable or unstable). We will make use of this conventional method to examine the bifurcation phenomena in-Sektion C.
Suppose the equilibrium point is given by z(nT) = X Q . The Jacobian of the discrete time map evaluated at the equilibrium point can be written as follows: [ ( a , ) adz,, a d z , , ax, where (16) Using (10) and (9), -we can find all the derivatives in ( l l ) , i.e., 
C Characterzstic Multipliers and Period-Doubling
The Jacobian derived in the foregoing subsection provides a means to evaluate the dynamics of the system. We will, in particular, study the loci of the characteristic multipliers, the aim being to find out possible bifurcation scenarios as the voltage feedback gains are varied. To find the characteristic multipliers, we solve the following polynomial equation in A, whose roots actually give the characteristic multipliers.
We will take note of any crossing from the interior of the unit circle to the exterior. In particular, if a real characteristic multiplier goes through -1 as it moves out of the unit circle, a period-doubling occurs [ 111.
Using ( .-_
